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Pole Placement and Hybrid Control
The control strategyshould be able to switch betweenchargingand
dischargingoperatingconditionsto optimizethe �E�D�W�W�H�U�\�·�Voperationand
reducethe frequencydeviationsimultaneously. A switchingpolicywill be
consideredto shift betweenchargingand dischargingconditions and
movingin the operatingspectrumto minimizethe cost function in each
time intervalof (�P�Þ�?�5�á�P�Þ�;�äConsequently,the total cost function of the
batteriesoperationin thepowersystemwill beminimized.

Control Design Approach
Procedureto designthehybridoptimalcontrolandoptimalpoleplacement
Step-1: Obtaina large-scalebatterydynamicmodelto simulateactiveand
reactivepower behaviorwhen integratedto the grid (neglectingreactive
powerof alarge-scalebatterycanleadto anunstablecontroldesign).
Step-2: Decentralizedoptimalcontroldesignfor interconnectedsystems.
Step-3: Optimalpoleplacementfor area(s)with poorlydampedfreq. dev.
Step-4: Hybrid control designto minimizeeach�E�D�W�W�H�U�\�·�Voperationcost
consideringthecostfunctionof theoptimalcontrolfor thefull system.

Conclusions and Future Work
�‡A design strategy for a decentralizedoptimal controller for an

interconnectedpowersystemhasbeenformulated.
�‡Active and reactiveoutput power of the batteryare regulatedby the

�E�D�W�W�H�U�\�·�Vinverterfiring angleto controlfrequencydeviationsin eacharea.
�‡Resultson a casestudyshownotableimprovementsin dampingof the

�J�H�Q�H�U�D�W�R�U�V�·frequencydeviationsof usingtheoptimalswitchingapproach.
�‡For future work, we will studyoutput feedbackcontrol usinga limited

numberof outputs.
�‡For futurework,controldesignfor transientstabilityof thesystemusing

decentralizedandnonlinearcontroltechniqueswill beconsidered.
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Abstract �² This poster presents an optimal decentralized control design using energy storage to improve grid stability.
Project Overview

Motivation: A distributed approach to wide-area controls harnesses
multipleactuatorsto improvegrid stabilityandis robustto failureof any
one actuator. Energystorageis an excellentchoiceto implementthe
strategysinceit absorbs/dischargesactiveandreactivepowerveryquickly.
Goal: Develop control algorithms for wide-area power grids using
distributedenergystorageto improvegridstability.
Schedule: Projectiscurrently18monthsinto aplanned3 yearduration.
Year1 Tasks: Developbatterymodelwith inverterdynamicsandusefiring
angleasaninput. Simulateandanalyzeoscillationdynamicsof casestudy.
Year2 Tasks: Designdecentralizedcontrol algorithmsto dampinter-area
oscillationsin casestudysystem.
Year3 Tasks: Developcasestudiesfor largergrid models. Extendcontrol
designto transientstability.

Case Study Model 

Decentralized Optimal Control for Interconnected Systems

Note: the complex poles new location 
depends on the existence of  M. 


